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The study was carried out on 59 (28,31) skulls of hybrids between
European bison and domestic cattle of the Polish red breed and black
and white lowland breed. The percentage of cattle’s blood increased
from 50% in F| generation to 93.75% in three backcross generations.
In order to compare the data for hybrids, 40 (6,34) skulls of domestic
cattle were measured and the data for Furopean bison were taken from
literature. Adult F; hybrids exceeded both European bison and the
cattle as well as backcross hybrids in basal length of a skull, length
of dorsum nasi and mandibule, and in capacity of cavum cranii. Most
remaining cranial dimensions in F; hybrids and the shape of F; male
skulls were intermediate between the parental forms. The features of
European bison which distinetly predominated in hybrid skulls were:
the breadth of occiput, the size and shape of processus cornuales in
F, hybrids of both sexes as well as telescopic annuli orbitales and the
height of a skull in F, males. The cattle features predominated in:
the skull shape of F; females and backcross hybrids, calvaria formed
entirely of ossa frontalia, composition of planum nuchale, hind situation
of processus cornuales, and the height of fossa temporalis. The growth
rate of F, hybrids skulls during the second vear of their life was faster
than that in European bison. However, in European bison which were
older than 4 yrs breadth dimensions of a skull grew more intensively
than in cattle, Sexual dimorphic features in hybrid crania occurred in
the calvaria and planum nuchale and in the size of processus cornuales.
In adult hybrids the variability of linear cranial dimensions was rather
low whereas structural differentiation was higher. In backcross hybrids
the skulls became more similar to those of the cattle as the percentage
of cattle’s blood increased,

[Mammals Res. Inst., Polish Acad. Sci., 17-230 Bialowieza, Poland].

1. INTRODUCTION

Seventy-one hybrids between European bison and domestic cattle of
both breeds: the Polish red (pr) and the black and white lowland (bwl)
were obtained at Bialowieza during the period 1958—1976. The per-
centage of bison blood in these hybrids decreased from 50% to 6.25%
(Dehnel, 1960; Demiaszkiewicz, 1961; Krasinska, 1963, 1967, 1971a, 1978,
19'79a). The postnatal development of these hybrids was studied (Krasifi-
ska, 1969, 1971b, 1979b) as well as their fertility (Fedyk & Krasinska,
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Table 1
List of examined hybrids between European bison and domestic cattle. Abb.:
white lowland breed of cattle; rp>simt. -~ the red PolishXSimental breed of
M — male; F — female; rp — the red Polish breed of cattle; bwl — black ana
white cattle; E.b. — European bison.
Parents
Age Place of
No. Name Sex Mather Father (mth) birth
F, Hybrids

1 Lowicz M cattle Eb. 16 tekno

2 Luk M cattle Eb. 17 "

3 Lan M cattle E.b. 17 "

4 Lotysz M cattle E.b. 20 .

5 Lowca M Ip. E.b. 24 "

6 Lobez M rp. Xsimt. E.b. 24 "

7 Fakir M bwl E.b. 63 Bialowieza

8 Farad M bwl E.b, Kk "

9 Filip M Eb. rp. 96 "

10 Facet M bwl Eb. 136 "

11 Filon M E.h. p. 156 »

12 Lysica F cattle Eb. 18 Lekno

13 fajza F cattle Eb. 20 "

14 Laka F bwl E.b. 24 "

15 Latka F bwl Eb. 24 "

16 Y.awica F bwl Eb. 29 "

17 Filutka F Eb. rp. 84 Bialowieza

18 Fama F rp. Eb. 96 “

B, bos Hybrids

19 Feld F Fama F, bwl 19 Biatowieza

20 Fellach M Famela F, bwl 24 "

21 Festiyn M Figa F, bwl 29 "

22 Feg M Filutka F, bwl 41 "

23 Fen M Fama F, bwl 43 Bialowieiza

24 Feb M Filutka F, bwl 43 "

25 Fey M Famela F, jersey 49 »

26 Fez M Filutka F, bwl 52 "

27 Fetysz M Fama F, bwl 53 "

28 Fenix M Fama F, bwl 66 .

29 Fell M Fanny F, bwl 84 "

30 Felly F Famela F, bwl 15 "

3l Ferma F Fama F, bwl 17 "

32 Fema F Fama F, bwl 28 .

33 Feta F Filutka F, bwl 39 "

34 Felpa F Fatima F, bwl 53 »

35 Feska F Figa F, bwl 54 \

36 Fewa F Filutka F, bwl 66 "

a7 Fera F Figa F, bwl 78 ”

38 Femina F Fanny F, bwl 90 "

39 Fenny F Fanny F, bwl 96 "

continued on p. 149
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Table 1. concluded.

B; bos Hybrids

40 Fenek M Fenny B, bwl 16 Biatowieza
41 Fenyl M Fenny B, bwl 27 "
42 Fenomen M Femina B, bwl 51 "
43 Fen II M Fera B, bwl 52 "
44 Fenol M Feska B, bwl 53 "
45 Fela F Femina B, bwl 30 "
46 Fetwa F Fewa B, bwl 34 .
47 Felga F Fenny B, bwl 38 "
48 Fenicja F Femina B, hwl 41 "
49 Fedala F Feska B, bwl 41 "
50 Ferajna F Fera B, bwi 50 Bialowieza
51 Fela II F Felpa B, bwl 52 "
32 Fega F Fema B, bwl 53 0
53 Ferrara F Fera B, bwl 56 "
54 Festa F Feska B, bwl 65 "
B; bos Hybrids
55 Feliks M Fela II B, bwl 25 Bialowieza
56 Felba F Fela II B, bwl 12 "
57 Fedra F Fedala B, bwl 12 "
58 Ferta F Festa B. bwl 16 "
39 Feda F Fedala B, hwl 26 .

1971, 1980). Also the heredity of morphological and physiological features
have been followed (Buchalczyk et el., 1971; Krasinska & Pilarski, 1977,
Krasinska & Suminski, 1981), and the utility value of these hybrids
has been estimated (Pietrzykowski & Krasinska, 1971; Szulc et al., 1971).

The proportions and a form of a skull of European bison differs from
those of domestic cattle, especially in regio parietalis and regio frontalis
{Sokolov, 1953; Heptner et al., 1961), so it is interesting to learn the
trends of the changes in the skull form in hybrids with different per-
centage of bison blood. The morphology of skulls of hybrids between
European bison and domestic cattle was analyzed earlier, in the pre-war
years, on the small group of animals, which came from the Askania
Nova (USSR) (Andrecva, 1935; Bogoljubskij, 1935).

2. MATERIAL AND METHOD

The study was carried out on the skulls of 59 (28,31) hybrids between European
bison and domestic cattle; ¥, generation and three backcross generations (B;bos:
25% European bison, 75% cattle; B,bos: 12.5% European bison, 87.5% cattle, and
Bybos: 6.25% European bison, 93.75% cattle) (Table 1). The skulls originated from
1—13 years old animals of two breeding stations: at Bialowieza (50) and YLekno
State Farms (9). All the skulls are included to the collection of Mammals Research
Institute of Polish Academy of Sciences. By comparison with that, 40 (6,34) skulls
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of domestic cattle adult specimens of red Polish breed (pr} and the black and
white lowland breed (bwl) were measured. All they, except of the bull Richtje,
are from the collection of the Department of Animal Anatomy, Warsaw Agriculture
University. The dimensions of European bison skulls were taken from the paper
by Empel (1962) and the needed averages were counted. The only measu-
rement Sm—S8m, not measured by Empel (1962) but important for the comparison,
was taken particularly for this study in the Department of Animal Antomy, Warsaw
Agriculture University by Dr. F. Kobryficzuk. The measurements comprised both
the Empel's materials and the specimens collected later (n=35). The age of
hybrids was known from the breeding documents, the age of the cattle was
estimated on the basis of an obliteration of the skull sutures.

Thirty-four measurements, listed below, were taken according to Duerst’s (1928)
and Krysiak's (1983). Two measurements (12 and 19) were taken according to
Empel's (1962) instructions, The capacity of cavum cranii was measured with use
of grain after tightening of the larger holes of a skull. The measurements were
taken either directly or in projection. The main measuring points of a shkull
are shown in Fig. 1.

- ~
R

Fig. 1. See explanation on p. 151



Skulls of European bison X cattle hybrids 151

3

Fig. 1. Measuring points of a skull. See text (p. 152) for the definitions of measure-
ments. 1 — Norma verticalis, 2 — Norma lateralis, 3 — Norma nuchalis, 4 —
Norma basileris, 5 — Mandibula,
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Measurements of Length

1. Cb — the length of skull from the hind surface of condyli occipitaies to the point
Prosthion (P)

2. B-P — Basion-Prosthion

3. Op-P — Opisthocranion-Prosthion
4. Op-Br — Opisthocranion-Bregma
5. N-Op — Nasion-Opisthocranion

8. N-Rh — Nasion-Rhinion

7. N-P — Nasion-Prosthion

8. St-B — Staphylion-Basion

9. St-P — Staphylion-Prosthion

10. Pm-P — Praemolare-Prosthion

il. Pm-Pd — Praemolare-Postdentale
Measurements of Height

12. the height of skull (Empel, 1962) — the distance from the highest point of
the calvaria to the line drawn across Staphylion-Basion

13. Basion-linea nuchae

14. St-N — Staphylion-Nasion

15. Sph-Br — Sphenobasion-Bregma

16. B-O — Basion-Opisthion

17. the height of Fossa temporalis (Fig. 1, 2)

Measurements of Processus Cornualis

18. the length of horn core measured along external curve
19. the greatest spread of horn cores
20. horn core base circumierence

Measuremenis of Breadth and Capacity

21. Eet-Ect — Ectoorbitale-Ectoorbitale

22. Fs-Fs — Frontostenion-Frontostenion

23, Nm-Nm — Nasomaxillare-Nasomaxillare

24, Ot-0Ot — Otion-Otion

25. Sm-Sm — Supramolare-Supramolare

26, Au-Au — Auriculare-Auriculare

27. the breadth of processus zygomaticus ossis frontaelis measured along the suture
which connects it with processus frontalis ossis zygomatici

28, Capacity of cavum crenii

LTcasurements of Mandille

29. Id-Cm — Infradentale-Condylon mediale

30. Id-Goec — Infradentale-Gonion caudale

31. Cm-Gov — Condylon mediale-Gonion ventrale in projection
32. Id-Gov — Infradentale-Gonion ventrale in projection

33. the breadth of ramus mandibulae (BREM)

34. the height of corpus mandibulae behind M; (HCM)
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-The following cranial indices have been calculated in order to find out the
proportions of a skull:

Ect-EctX100/BP
Sm-Sm >} 100/ST-P
B-St X100/ S5t-P
Sm-Sm X 100/Ect-Ect
St-NX100/Sph-Br
St-N X100/ 5t-P
Sph-BrX100/B-St
Op-NX100/B-P
9. Op-NX10/N-P
10. height of corpus manidibulae behind M;X100/BRM
11. the height of corpus mandibulae behind MyX100/Id-Goe
12. B-linea nuchaex100/0t-Ot

e S R e

In hybrids both mandibles of every individual have been measured and the
arithmetic mean was assumed to be the result. Individual dimensions of the skulls
of all hybrids are compiled in the tables annexed to the typescript of this paper,
which is kept in the Library of the Mammals Research Institute PAS in Bialo-
wieza.

The postnatal development of the hybrids’ skulls could not be [ollowed due
to lack of material. The detailed analysis of the shape of hybrids' skulls as well
as of the heredity of cattle’s and European bison's features was made on the
material of adult individuals.

Taking into account three measurements: Ect-Ect, Of-Ot and the height of a
skull, which show the greatest significant differences between the European bison
and the cattle, I compiled a tahle of average differences in these measurements
of adult hybrids of F,, B,bos and B,;bos generations, as well as the young ones
of Bgbos (there was no adult individual) and a random sample picked out from
the material in question. The sample contained: 6 (3,3) skulls of European bison,
3 skulls of domestic black and white lowland cows and the bull Richtje, which
was the father of most of the backcross hybrids. The number of picked out skulls
of European bison and domestic cows was limited in order to simplify the cal-
culations since the material was rather homogenous (low wvalues of CV). At the
same time, six skulls of domestic bulls were quite heterogeneous {(high CV of
most of the measurements) and that is why I picked out the skull of the one,
which was closely related to the hybrids. Obtained data were classified by the
method of spanning tree ordering, so-called the method of Wroclaw taxonomy
{Perkal, 1958).

The whole studied material was considered in two age groups: young individuals
from 1 to 4 years old and the adult ones, more than 4 years old. In this paper,
the term skull (crarium} means the whole skeleton of head ie. facial part
(splanchnocranium) and neural part (neurocranium) after Krysiak (1983). The
significance of the differences in the average values of measurements and indices
was compared with the Student {-test for independent groups.



Table 2

Measure_ments of the skull length in hybrids between European bison and the caltle and in the parental forms.
Generation of hyprids: F, — 50% European bison, 50% cattle; B,bos — 25% European bison, 75% cattle; B;bos —
12.5% European bison, 87.5% cattle; Bsbos — 6.25%0 European bison, 93.75% cattle.

Ape,

Genl;;itlon n{name} C-B B-P Op-P Br-Op N-Op N-Rk N-P St-B St-P P-PmPm-Pd
(mth)

F, Males a 60—136 T 557.2 525.8 580.0 46.0 260.4 226.2 332.4 213.0 3134 1560 1510

SD 306 219 246 489 95 143 180 127 152 21 124

cv 5.5 42 42 106.2 3.6 6.3 5.4 6.0 4.8 1.4 8.2

6 12—24 X 471.0 436.2 4800 302 216.8 1882 2660 171.2 2593 1350 1487

SD 10.5 9.0 155 4.9 60 106 117 9.1 9.5 66 101

Cv 2.2 21 32 163 2.8 5.6 4.4 5.3 3.6 4.9 6.8

F, Females Filutka 84 5220 485.0 5310 220 2310 207.0 3120 177.0 3050 149.0 156.0

Fama 96 500.0 475.0 5150 380 2310 196.0 2930 1820 2940 1450 1510

5 12—24 x 471.2 4384 4742 322 207.2 196.8 2732 1724 2684 137.8 1402

SD 94 7.0 1.1 9.9 3.6 1.5 48 7.0 4.1 42 7.9

cv 20 1.6 02 30.6 1.8 3.8 1.8 4.0 1.5 3.0 5.4

B, bos Males 3 48—84 x 520.0 487.2 5248 150 237.8 190.8 2920 1930 297.6 150.0 150.4

SD 152 122 244 55 119 183 176 8.6 71 6.7 106

cv 2.9 2.5 46 368 5.0 0.6 6.0 44 24 4.4 71

6 12—48 x 4902 4537 4.88.3 185 2282 1822 2682 1803 2773 134.0 1527

5D 210 9225 193 167 124 155 142 100 182 9.0 9.7

cv 4.3 5.0 39 904 5.4 8.5 5.3 9.6 5.8 6.7 6.4

B, bos Females 6 45—96 X 4995 4678 496.8 107 2142 1915 2872 1767 291.8 141.3 1462

SD 19.2 75 161 6.8 147 9.6 43 6.7 5.5 1.9 5.3

cv 2.0 1.6 32 638 6.9 5.0 1.5 3.8 1.9 13 3.6

4 12—48 X 4343 401.3 4435 100 2058 170.0 2528 157.0 2435 1200 1330

SD 325 342 276 g1 112 100 123 115 229 147 9.9

Ccv 7.5 8.5 62 605 9.5 5.9 49 7.3 94 123 7.4

B, bos Males 3 48—869 ¥ 5117 486.7 509.7 10.3 2233 1935 288.7 190.0 287.0 1460 1503

SD 194 161 186 40 172 — 65 10.8 2.5 8.2 40

cv 38 3.3 36 391 7.7 — 23 5.7 3.2 5.6 2.7

Fenek 16 440.0 403.0 457.0 37.6 2130 — 2430 170.0 240.0 1260 146.0

Fenyl 27 500.0 457.0 500.0 10.0 237.0 183.0 268.0 1960 267.0 1340 1390

B, Females 5 48—72 x 5006 4640 511.2 11.8 2330 1852 2800 1828 2838 1416 1462

SD 191 253 306 89 181 133 145 77 173 109 3.0

cv 3.8 5.4 60 753 7.8 7.2 5.2 4.2 6.1 .7 34

5 12—48 z 4698 4276 4698 182 2148 1768 2616 1740 2672 1308 1428

PE1



B; bos Male
B. bos Females

Cattle Males

Cattle Females

Bison Males *

Bison Females *

Feliks 23
4 12—36
i1 ad

34 ad
16 48—264

Pulan 13

3 12—28

Pultkownik 22

Plecotus 28
17 48—324
5 12—36

312
7.3
445.0
3845
34.1
8.9
478.4
50.2
105
433.4
17.1
39
478.8
14.6
3.0

386.7
27.5
7.1

443.6
119
2.7
375.2

41.5-

11.1

* after Empel, 1962

318
6.8
476.0
421.0
29.5

521.4
583.2
10.2

482.4
18.0

532.1
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Tabela 3

M. Krasinska

Measurements of the skull breadth in hybrids between European bison and the
See Table 2 for abbreviations of hybrid
generations and European bison

cattle and in the parental forms.

Generation,
sex (ﬁftg-) Ect-EctFs-FsNm-NmOt-0t Sm-Sm Au-Au ¢
n(name) ye.
F, Males
5 60—156 e 2956 231.2 874 2584 1936 2726 39.8
SD 15.6 8.9 3.0 188 1756 222 ]
cv 5.3 3.9 3.5 7.3 9.0 8.2 239
6 12—24 I 2418 2130 803 2093 1568 2170 222
' SD 8.0 6.8 6.1 8.3 5.2 8.7 3.3
Ccv 3.3 3.2 7.6 4.0 3.3 40 149
F, Females
Filutka 84 241.0 189.0 61.0 217.0 1650 2180 31.0
Fama 96 241.0 187.0 740 2070 180.0 2150 28.0
5 12—36 T 2280 1834 736 1934 1532 2000 24.0
SD 7.4 7.7 4.0 1.5 33 3.5 1.9
cv 33 42 5.5 0.8 22 1.8 7.2
B, bos Males
5 4884 T 2578 1962 77.0 2304 1796 2378 36.6
SD 20.2 148 11.2 193 39 216 8.1
Ccv 7.8 76 146 8.4 9.9 9.1 24.8
6 1248 x 237.2 1940 67.0 2032 16197 211.7 273
SD 3.9 6.9 39 131 116 114 6.3
[o4% 4.2 386 5.9 6.4 72 5.4 230
B, bos Females
6 48—96 x 2248 1740 530 1987 166.0 2023 270
cv 4.3 63 183 49 39 44 180
4 12—48 I 1973 1565 58.8 1740 1415 1795 21.3
sSD .7 66 104 121 1.2 104 5.3
cv 3.2 42 178 7.0 7.9 58 250
B, bos Males
3 48—60 X 2637 2037 850 2367 1837 2423 347
SD 9.5 108 — 8.5 5.8 1.5 1.2
cv 36 53 — 36 31 0.6 3.3
Fenek 16 2240 1920 610 1720 1520 1840 240
Fenv) 27 271.0 2270 79.0 216.0 1800 2300 33.0
B. hos Females
5 4872 T 226.8 1692 648 2064 16844 2098 246
5D 122 11.3 11.1 3.0 5.7 101 5.1
cv 5.4 6.6 17.2 3.9 3.5 4.8 20.8
5 12—48 x 2226 171.8 580 1926 1594 1954 234
sD 144 142 6.6 7.3 8.0 6.5 39
cv 6.5 83 114 38 5.0 3.3 187
R. hnr Mate
Feliks pX] 2470 195.0 740 2090 177.0 2240 41,0
T. hne Females
4 12---36 ko 196.5 1470 48.0 1688 1438 177.0 208
| 15.3 12.6 35 14.2 131 9.8 4.9
v 7.8 8.6 7.2 8.4 9.1 5.6 237
Cattle Males
6 ad = 239.0 186.7 85 2188 1705 27942 277
«<n 296 214 1140 355 240 382 04
cv 124 114 161 162 141 17.1 34.0

continced sn p.

157



Skulls of European blson X cattle hybrids 157

Table 3. concluded,

Cattle Females

34 ad x 2087 1569 541 191.1 1550 1936 246
SD 9.8 7.6 4.7 8.9 93 101 4.3
Ccv 47 4.8 8.6 4.7 6.0 52 173
Bison Males *

18 48—264 x 3158 251.1 1006 2529 183.2 2485 355
SD 171 109 7.0 16.7 93 104 6.3
cv 5.4 43 6.9 4.2 5.1 42 177
3 12--28 T 225.0 2130 703 1787 1527 20156 179
SD 177 — 129 147 166 314 25
cv 79 — 18.1 82 109 156 142

Bison Females *
17 48—1724 x 263.8 2121 418 208.1 168.3 208.0 246
SD 8.4 8.1 4.7 45 7.0 8.7 3.5
cv 3.2 38 5.7 22 41 3.2 141
5 12-—-36 x 2040 1820 650 1646 1415 1775 154
SD 291 16.9 90 238 189 220 34
Cv 143 93 138 145 119 124 218

3. RESULTS

3.1. General Proportions of Skull and its Size

General size of a skull was characterized by two measurements: basal
length (BP) and the breadth (Ect-Ect). The longest BP was found in
mature F, hybrids (Table 2, 3). It was significantly longer than in
European bison (p<C0.001). In adult hybrids of backeross generations BP
was similar in length to that observed in European bison. Basal length
of a skull in F; males was significantly greater than 3P in the skulls
of backcross hybrids (0.02<{p<0.05). In comparison with the skulls of
the cattle BP was distinctly longer in F; hybrids, but in males the dif-
ference was not significant, while in backeross hybrids it was longer
only in females (B;bos: p<C0.001, and Bshos: 0.001<p<C0.002) and in
males it was similar to that of the cattle.

In the material of mature individuals the skulls of European bison
were the broadest ones. The dimension Ect-Ect in the crania of European
hison was significantly greater than that in adult hybrids of all genera-
tions (Fy: 0.02<<p<<0.05; B;bos and B;bos: p<(0.001) (Table 3). In com-
parison with the catile the skulls of F; hybrids of both sexes and Bjbos
and Bsbos females were broader (F;: 0.005<p<C0.01; B;bos and Bsbos:
p<{0.001). Crania of F; males were significantly broader than those of
backcross hybrids (0.02<p<C0.05). Of young hybrids F; cows had the
fongest, and broadest skulls while B: bos males had the longest and B:bos
the broadest crania of all male hybrids (Table 2, 3).

Basal length of a skull in mature hybrids and European bison shewed
slight individual variability (CV lower than 6%), while in domestic bulls
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which were examined it was rather variable (CV=10.5%) (Table 2). In
young individuals of European bison and backecross hybrids this dimen-
sion showed distinetly higher variability than in mature specimens
(Table 2). Measurement Ect-Ect of adult European bison, F; and Bsbos
hybrids also showed slight variability. Higher variability of this measure-
ment was observed in Bybos males and the highest in mature domestic
bulls. In the group of young animals the measurement Ect-Ect showed
slight variability in F, and B;bos hybrids and the highest in European
bison (Table 3).

The breadth-length index (1) properly characterized the general pro-
portions of a skull (Table 4). The highest index was found in European
bison and the lowest one in the cattle. The differences in the value of
this index between European bison and the cattle were highly significant
(p<<0.001). Of adult hybrids the highest values of this index were obser-
ved in Fy, nex{ in Bsbos and at last in B;bos hybrids, but the differences
between them were not significant. Among young hybrids the animals
of Bsbos generation showed inconsiderable higher values of this index
in comparison with F; and remaining backcross hybrids (Table 4).

None of adult hybrids reached the value of breadth-length index
which was embraced in its range of European bison (the highest index
of F; male “Facet” — 594, the lowest one of European bison — 60.9).
Young F; hybrids and European bison showed similar values of the
index, and the differences appeared only in adult animals. So in
European hisen older than 4 years the skulls grew in breadth more
intensively than in hybrids.

The breadth-length index in all adult hybrids was significantly lower
than in Eurcpean bison (p<C0.001). Only in F; males it was higher in
comparison with the eatile (0.02<p<C0.05). So, the general proportions
of hybrids’ skulls were similar to those of the cattle rather, than of
European bison, except for Fy males, in which they were intermediate,
No distinet differences in general proportions of the skulls, which could
be connected with the effect of father or mother, were found in F,
hybrids, but this might be due to the scarcily in F; material.

There was a great variety in the general appearance of the skulls of
all hybrids. The skulls of F; hybrids were distinctly larger (longer and
broader) than those of backeross hybrids. Of F; males the skull of
“Facet” (Plate VII, Photo 1} was most similar to the European bison
one. This bull was the progeny of the cross ¢ European bisonX @ bwl
cattle. Hybrid “Fakir”, which came from the same combination, had the
longest skull. Crania of F; cows were long and narrow. They differed
distinctly from the skulls of European bison (Plate VII, Photo 2). The
more similar to that of the cattle (Plate VIII, Photo 3). Most skulls were
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. long and slender (Plate VIII, Photo 4). Only four Bibos and B:bos males
had comparatively broader crania (Plate IX, Photo 5).

The skulls of European bison were significantly higher than cattle
skulls. In females this difference was highly significant (p<<0.001) (Table
5). Empel (1962) connected the great height of skull of adult European
bison with the presence of tuberositas frontalis. In spite of a lack of
this tuberosity in hybrids the skulls of F; males were, on average,
somewhat higher than those of European bison (Fy: 194.0 £ 6.8, European
bison: 1914 +8.9). In F; cows and Bjbos backcross hybrids of both sexes
height of the skull was smaller than that in European bison (Bjbos and
3 & Bybos: 0.002<p<<0.005 and 99 Bsbos: 0.02<p<{0.05). Hybrid females
had higher skulls than domestic cows {B;bos and Bgbos: p<<0.001). Skulls
of F; males were distinctly higher than the cattle skulls but the dif-
ference were not significant. In backeross hybrids the hight was similar
to that of cattle. This measurement showed rather low individual vari-
ability in adult hybrids, European bhison, and domestic cows. Only the
skulls of domestic bulls showed high variability of this measurement.
The coefficient of variation of this dimension in young animals is higher
than in adult ones (Table 5).

The comparison showed that the skulls of F; males were as high as
those of European bison, while the crania of backcross males were
similar in height to the cattle’s ones. In cow hybrids of all generations

the height of skull was intermediate between European bison and the
cattle.

Taking into account the measurements which significantly differ
between European bison and the cattle (Ect-Ect, Ot-Ot and the height
of a skull, I counted the average differences (see Material and Method)
and then arranged them by the Wroclaw taxonomy. An analysis of the
dendrite (Fig. 2) showed that the skulls of F; males were most similar,
in respect of breadth and height, to the European bison's ones. Most
backeross males were similar in this respect to the domestic bull. Tow-
ever, Fi cows and most backcross females had these features inter-
mediate between females European bison and domestic cows. In young
Bsbos heifers the features in question showed the greatest similarity to
those in domestic cows (Fig. 2).

The greatest capacity of cavum cranii was observed in F, hybrids.
It excelled the data for both European bison (0.002<<p<C0.005) and cattle
(Table 5). This capacity in European bison was significantly greater than
in cattle (p<<0.001) (Table 6). In B;bos hybrids of both sexes and B,bos
females the capacity was similar to that in European bison. But in
B:bos males it was significantly smaller (p<C0.001). The capacity of cavum
cranii of backeross hybrids: B;bos males (0.01<<0.02) as well as B,bos



Table 4

Indices of the structure of the skull in hybrids between European bison and the cattle and in the parental forms.

See Table 2 for abbreviations of hybrids generations and European bison. Indices: 1. Ect-EctX100/B-P; 2. Sm-Sm X100/

/St-P; 3. B-StX100/5t-P; 4. Sm-SmX100/Ect-Ect; 5. St-NX 100/Sph-Br; 6. St-Nx100/S5t-P; 7. Sph-BrXx160/B-St; 8. Op-

-NX100/B~P; 9, Op-NX100/N-P; 10. HCM X 100/BRM; 11. BRM X 100/Id-goc; 12. B. — Linea nuchaeX100/0t-0t. See text
for the definitions of measurements.

Generation, Indices:
n{name) Age 1 2 3 4 5 6 ki 8 9 10 11 12
Males
m 5 ag X 56.24 6176 68.02 6480 9624 5848 9012 4956 7850 61.66 1850 60.3

SD 2,72 4.84 4.03 311 1195 3.07 764 176 467 7.28 127 235
cv 4.83 7.83 5.92 480 1241 524 847 355 594 1180 686 4.2

6 juy ¥ 5562 6051 6534 6720 8890 56.78 100.60 4994 8158 — — 64.8
SD 153 215 2.52 1583 — 243 — 152 281 — — —
cv 275 3.55 3.85 236 — 427 — 304 34 — — —_
B, bos 5 ad ¥ 5292 6040 6484 6880 87.82 5342 0392 4882 81.60 69.04 1980 56.7

5D 3.95 3.98 243 2.58 3.76 157 416 171 502 326 094 5.0

cv 7.46 6.58 3.74 3.75 4.28 293 442 350 615 452 474 88

6 juv X 5230 5843 6513 6820 8461 5256 9580 50.33 8526 75.58 20.88 65.0

SD 2.07 5.00 3.97 4.71 5.64 1.4% 504 259 576 282 061 60

cv 3.95 8.55 6.09 6.91 666 283 526 514 673 3.73 292 93

B, bos 3 ad I 5420 6193 6403 6930 8430 5033 9350 4583 77.33 71.30 20.06 541
SD 2,84 3.84 3.87 321 5.84 193 091 233 503 581 147 09

cv 5.23 6.20 6.04 4.60 6.92 383 097 508 650 814 732 186

Fenelk juv 5560 6330 70.80 67.80 8240 35830 10000 5290 87.70 8270 2270 72.1

Fenyl juv 59.30 6740 7340 6640 7890 5620 9690 51.90 8840 70.60 22.00 63.4

B, bos Feliks juv 53.90 6230 6520 7160 80.60 5250 100.00 51.20 89.10 74.30 2150 583
Bison 16 ad T 6568 — 64.83 5850 110.40 5693 — 5346 85.78 53.44 1549 54.0
bonasus * sSD 238 — 3.68 2929 365 145 — 230 485 617 154 26
CvV 362 — 567 390 330 254 — 430 565 1154 954 48

Putan juv — — — —_ — — — 57.70 — — — 65.4

3 juv ¥ 5820 — 6580 — — — — — — — — —

SD 200 — 199 — — — — — — —_ — -

CV 343 — 303 — — — — — — — — —

Putkownik juv — —_ — — -— 5470 — — — — —_ —

Plecotus juv — — — 54.00 — 56.10 5450 89.30 — — 605

Cattle 6 ad 52.18 61.94 6762 7250 780! 5356 50.10 85.10 77.90 22.30 B80.0

31
e D
—
w

SD 2.48 1.29 2.62 2.60 5.97 1.24 21 136 152 517 020 380
cv 475 2.08 3.87 3.60 7.65 231 424 269 178 663 089 101

091



Fy

B, bos

B, bos

B bos

Bison
bonasus*

Cattle

Females
Fama
Filutka

b1

17

34

ad
ad
juv

ad

juv

ag

juv

juv

ad

juv

ad

5D
cv

SD
cv

SD
cv

sD
cv

5D
cv

Sb
cv
5D
cv

5D
cv

¥
sD
cv

30.70
49.70
52.04
232
4.45
48.06
1.59
3.30
49.32
231
4.68
48.90
1.24
2.53
52.18
3.55
6.80
31.12
1.05
2.05
59.47
1.49
2.50
54.22
1.91
3.52
47.79
1.66
3.47

61,20
54,10
57.10
2.02
3.53
56.86
2,20
3.86
58.22
3.09
5.30
58.06
3.33
5.73
59.68
2.90
4.85
61.57
3.01
4.88

57.41
2.49
4.33




61.90
58.00
64.24
2.76
4.29
60.56
2.42
3.99
64.57
1.95
3.01
64.52
3.11
4.82
65.20
3.79
5.81
63.92
3.89
6.08
60.91
2.86
4.69
62.76
242
3.85
61.35
3.08
5.02

74.70
68.50
67.00
2.97
443
72.10
1.50
2.00
69.00
4.89
7.01
71.20
4.90
6.80
69.00
4.06
5.88
72.00
1.65
228
62.70
1.70
2.70
64.20
2.38
3.71
75.50
3.00
4.00

98.70

103.10

91.80

88.16
5.78
6.55

83.92
2.90
3.45

82.38
5.70
6.91

83.76
5.42
6.47

Bl.72
6.07
7.42

99.90
8.90
8.90

84.12
6.81
4.09

52.40
54.10
53.64
(.86
1.60
49.85
1.41
2.83
52.30
1.55
2.96
50.94
2.75
5.39
51.94
2.27
4.37
51.85
1.10
212
54.26
1.65
3.04
54.10
2.37
4.38
48.45
2.00
412

48.60
47.60
47.30
0.97
2.05
45.73
2.54
5.55
51.42
2.48
4.82
50.18
1.78
354
50.32
297
5.90
50.97
4.17
8.18
52.18
1.92
367
54.46
2.25
4,13
51.01
247
4.84

78.80
74.00
75.86
1.51
1.99
74.56
4.72
6.33
81.40
1.36
1.87
83.26
5.47
6.56
82.20
5.20
6.32
84.77
11.07
13.05
83.95
4.79
3.70
92.50
4.94
5.34
83.76
6.02
7.18

66.20
69.80

70.80
7.00
9.88

78.72
7.35
9.33

69.18
1.56
2.25

72.14
8,17

11.32

68.02
3.86
5.67

54.90
4.44
8.08

64.30

69.22
6.59
9.52

18.90
18.20

19.40
1.10
5.67

21.70
1.43
6.58

19.68
0.66
3.35

20.54
212

10.32

21.52
0.09
0.41

15.40
0.77
5.00

17.90
0.98
5.53

20.59

.2

181
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Table 5

Measurements of the skull height in hybrids between European bison and the
cattle and in parental forms. Abbreviations of hybrid generations and European

bison as in Table 2.

) ) Height
Generation, Height :
Age, B-linea of
sex, of St-N  Sph-Br B-O
(mth) nuchae fossa
n{name) skull temp.
F, Males
5 60—156 x 194.0 155.6 183.0 191.8 47.6 57.0
SD 6.8 6.0 7.2 17.6 2.4 6.5
cv 3.5 38 39 9.2 5.0 11.4
6 12—24 x 173.0 139.0 147.2 180.0 45.0 47.5
SD _— —_ 71 —_ — 6.8
cv —_ —_ 4.8 —_ — 14.3
F, Females
Filutka 84 162.0 125.0 165.0 160.0 450 5140
Fama 96 166.0 121.0 154.0 156.0 41.0 58.0
5 1238 T 167.6 121.8 144.0 158.0 40.4 54.2
5D 1.5 4.6 22 — 09 20
Cv 0.9 38 1.5 —_ 2.2 3.8
B, bos Males
5 48—84 F 175.8 130.2 159.0 181.2 422 608
SD 5.5 9.1 5.9 8.1 28 10.3
CvV 3.2 7.0 3.7 4.5 6.6 16.9
6 12—48 x 166.3 131.7 145.7 172.5 42,7  55.7
SD 9.1 11.2 6.6 7.7 29 5.2
cv 5.5 8.5 4.5 6.4 9.3
B, bos Females
6 48—96 x 163.8 121.7 145.0 164.8 46.3 59.2
SD 7.6 37 6.6 9.4 8.6 3.2
CvV 4.6 3.0 4.6 5.7 18.6 5.4
1 12—48 T 148.8 109.3 127.3 1515 41.3 52.0
SD 9.0 58 10.6 8.5 26 2.8
cv 6.0 5.1 8.3 5.6 6.4 5.4
B, bos Males
3 48-—60 T 171.0 128.0 149.3 177.7 358.3 52.3
SD 11.8 26 1.2 117 3.8 55
Ccv 6.9 2.1 0.8 6.6 9.6 10.5
Fenek 16 161.0 124.0 140.0 170.0 330 520
Fenyl 27 179.0 137.0 150.0 190.0 340 460
B; bos Females
5 4872 b 187.6 1184 144.4 175.6 440 62.0
sSh 9.6 4.7 9.4 10,7 1.0 4.7
cv 5.7 3.9 6.5 6.1 23 6.9
K] 12—48 T 160.0 117.2 138.6 166.2 39.0 58.4
SD 10.7 6.6 4.2 14.7 3.2 47
v 6.7 5.7 3.0 B.B 8.3 8.0
B, bos Males
Feliks 23 178.0 124.0 145.0 180.0 42.0 56.0
B; bos Females
4 12—36 X 140.0 102.0 121.3 1488 36.3 56.0
sSD 14.4 13.9 12,2 15.5 3.1 49
cv 10.3 13.6 101 10.4 8.4 8.7
Cattle Males
8 ad X 174.5 126.2 145.0 185.0 39.0 63.3
sD 27.9 12.0 26.5 254 1.8 5.8
Ccv 18.0 9.5 18.2 13.8 47 9.1

continued on p. 163
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Table 5. concluded

Cattle Females
34 ad X 150.6 11'7.8 130.7 156.1 39.1 64.1
SD 8.7 45 7.0 11.2 3.4 4.9
Ccv 5.8 38 5.3 7.2 8.8 7.7
Bison bonasus*
Males
18 48—264 X 191.4 136.1 166.1 1556.5 39.9 17.3
SD 8.9 8.5 6.8 6.0 1.7 3.9
Ccv 4.6 6.2 4.1 3.8 4.3 22.8
3 12—28 T 150.5 1105 136.0 140.6 37.5 20.5
sD —_— — —_ 16.8 —_ —
cv —_ —_ — 11.9 —_ —
Bisgn bonasus*
Females
17 48—324 T 176.0 123.4 149.5 1425 39.7 20,1
SD 5.5 44 45 4.6 23 3.6
CcvV 3.1 35 3.0 21 5.7 18.1
5 12236 X 156.2 106.2 128.0 123.6 386 20.2
SD 17.9 14.1 20.5 14.7 26 38
cv 11.9 13.3 16.0 11.9 8.7 19.0

and B,bos females (p<<0.001) was significantly greater as compared to
that of the cattle, Of young animals Bjbos cows had the smallest, and
Bybos males had the greatest capacity of cevum cranii (Table 6). This
measurement showed high variability in mature male hybrids and in
domestic bulls as well as in Bsbos cows (CV=10.7—16.3), while in
European bisen it was moderate (CV=6.5--6.8). This variability was
distinctly lower in young animals. The differentiated CV indicates that
the capacity of cavum cranii of different hybrids, which are 4-~yrs, old,
changes irregularly.

The proportion of neurocranium in relation to splanchnocrenium were
rendered by the indices 4, 5, 9 (Table 4). The length of neurocranium to
splanchnoeranium ratio in adult European bison was similar to that of
the cattle (Table 4). In F, hybrids splenchnocranium was longer than
neurocranium, which resulted in the value of the index 9, which was
lower than that observed in the parental forms. Similar proportions were
observed in young F; hybrids (Table 4).

Breadth ratio of both parts of cranium (index 4) in adull animals
showed another pattern (Table 4). Average value of this index in
European bison differed significantly from that in the cattle (p<0.001),
because the breadth of neurocranium in relation to the breadth of
splanchnocranium in European bison was greater than that in the cattle.
The value of this index in all hybrids was always different from Euro-
pean bison’s one. Of all hybrids, the F, ones had the lowest value of
this index. It was lower than that observed in the cattle (0.01<p<C0.02),
but it is still significantly higher than the value of this index typical



164 M. Krasifiska

of European bison (p<{0.001). The proportion of splanchnocranium -to
reurocranium was similar in hybrids of different generations. The com-
parisons showed that the proportion of the breadth of splanchnocranium
to neurccranium in all hybrids assumed intermediate value between those
observed in the skulls of European bison and the cattle, although this
ratio approximated rather the value characteristic of the cattle than of
Eurcopean bison. This feature was not very much variable in material
studied. In young animals the ratio of splanchnocranium to neurocranium
breadth was rather similar in males, only in Bsbos male splanchnocranium
was relatively broader. However, splanchnocranium of F, females was
relatively narrower than those of remaining cow hybrids (Table 4).

The height proportion between splanchnocranium and neurocranium
(index 5) of European bison differed significantly from the cattle's
(p<<0.001) (Table 4). It resulted from the fact that the height of splan-
chnrocranium in European bison excelled that of neurocranium, contrary
to the cattle. In F; females this index was alike that of FEuropean bison
females, in F; males it was intermediate between European bhison (index
5 was significantly lower, p<<0.001) and the cattle (0.02<p<(0.05). In
adult males it was very much variable (CV=12.4%}. In backcross hybrids
the values of index 5 were lower than those in Fi ones but not significant,
which evidenced that their skulls become similar in the proportions to
the cattle’'s. The above mentioned proportions of both parts of skull
were similar in young hybrids and adult ones (Table 4).

Presented above comparisons of the shape and the proportions between
bath parts of skull evidenced that the size ratic between splanchnocra-
nium and neurocranium in Fi hybrids assumed intermediate between
European hison and the cattle. Splanchnocranium of F1 hybrids was longer,
broader, but lower in relation to neurocranium than that of European
bison. It was also narrower and higher in comparison with those of the
cattle. In backcross hybrids the size proportion of both parts of a skull
was similar to that of F: hybrids, but there was a tendency to the chan-
ges toward the features which are typical of the cattle’s skull.

3.2, Dorsal Wall of a Skull

Dorsal walls of the skulls of all hybrid generations were hordered
from the back with sutura frontoparietalis, just as in the cattle, and with
processus nasgles ossium nasalium from the front, as opposed to European
bison in the skull of which hind border of calvaria is formed by linea
nuchae (Empel, 1962). At the hind one third length of calvaria stick out
on both sides nuli orbitales. Processus cornuales grow to the sides {rom
¢lose to the hind margin of calvaria,
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Fig. 2. Classificatory dendrite of the skulls, The selection of material and measure-
ments are given in the text (p. 140—153).
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3.2.1. Clavaria

In the skulls of all hybrid generations celvaria was formed entirely
of ossa frontalia, such as in the cattle crania, but unlike in European
bison, in which calvarie was composed of osse frontelia nad of os inter-
parietale united with ossa parietalia (Sokolov, 1953, 1963; Heptner et al.,
1961; Empel, 1962; Krysiak, 1983). In the central part of ossa fromtalia
most lowland European bison had a node, which Empel (1962) called
tuberosites fromtalis. This node was absent in the cattle. It was not
observed in any of the hybrid skulls, either.

Anuli orbitales of adult European bison distinctly stuck out to the
sides, which differentiated skulls of European bison from the cattle
{Sokolov, 1953; Heptner et al, 1961). Only in the skulls of F, males
anuli orbitales distinctly stuck out to the sides, although lesser than those
of European bison. In backcross hybrids they were formed just as in
the cattle.

Frons of Fy hybrids showed intermediate size between those of Euro-
pean bhison and the cattle. Both breadth dimensions of frons (Ect-Ect,
Fs-Fs) in Fy hybrids were smaller than in European bison (0.02<<p<(0.05
and 0.001<"p<{0.002), but they were greater than in the -cattle
{0.002<<p<70.005), while its length (N-Op) was similar in these three
forms. In backcross hybrids frons was shorter and narrower than in
European bison. In male hybrids its size was similar to that of the
cattle, in cow hybrids it was broader. The greath difference between
both breadth dimensions of frons resulted from the occurrence of dis-
tinct narrowness behind orbits. This feature, which was typical of
European bison, was observed, although less so, in F; hybrids, but it
did not occur in backcross hybrids. Of young hybrids Bibos and B:bos
males had the longest frons and F; hybrids and B.bos males had the
broadest ones (Table 2, 3).

The ratio: sagital length of frons to basal length of a skull (index 8)
only inconsiderably differed between European bison, the cattle and
both adult and young hybrids {Table 4).

3.2.2. Processus Cornuales

The situation of processus cornuales on the skull of European hison
destinctly differed from that of the cattle. In the cattle processus cor-
nugles grew on the top border of planum frontalis. They were directed
to the side, usually horizontally (Krysiak, 1983). Processus cornuales of
European bison grew more rostral then those of the cattle, before hind
margin of calvaria and in the middle of the distance: orbita — linea
nuchae. Empe] (1962) distinguished two types of processus cornuales in
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European bison — the curved and the straight ones. Processus cornuales
of ¥, hybrids grew nearer the hind margin of calveria than in the
European bison, except for one ¥, bull. This feature showed a great
individual variability. Processus cornuales of F; hybrids were situated
more rostral than those of the cattle. In backcross hybrids they usually
grew close to the hind margin of calvaria, just as in the cattle (Plate
iX, Photo 5).

Protuberantia intercornuelis was typical of the cattle (Poplewski, 1947,
Krysiak, 1983). In Fy hybrids it was poorly developed, while in B;bos
hybrids it showed high individual variability. In the extreme cases it
could be underdeveloped or pushed above planum nuchale as torus. In
Bsbos generation the skulls in this respect similar to the cattle's (presence
of torus} grew in number. In the skulls of young Bsbos hybrids protu-
berantia intercornualis was poorly developed.

In hybrids the shape of processus cornuales showed high individual
variability. In this respeet ¥; hybrids were very much alike European
bison. Their processus cornuales ran to the sides and they were curved
upwards in relation to the frontal plane (Plate VII, Photos 1, 2). Proces-
sus cornuales of Fu bull “Filip (Plate IX, Photo 6) were most similar
in shape to those of European bison, although they grew at the back,
just as in the cattle. In Bjbos hybrids processus cornuales ran to the
sides and upwards just as in European bison (Plate VIII, Photo 4) or to
the sides and forward just as in the cattle (Plate IX, Photo 5). Proces-
sus cornuales of most Bsbos and Bjbos hybrids ran to the sides and
forward alike the cattle, The shape and the settling of processus cornuales
on calvaria were very much differentiated. One could observe the cases
with processus cornuales similar in shape to European bison ones, but
settled in the manner typical of the cattle.

Processus cornuales of mature Fi: hybrids and European bison were
similar in size. In Fy males only the circumference of horn core base
was similar to that of the catile, remaining dimensions were significantly
greater (0.02<lp<{0.05). ANl dimensions of processus cornuales were
greater in F; females than in domestic cows. Processus cornuales of
backeross hybrids were smaller than those of Fy hybrids. In Bjbos and
B.bos hybrids only the greatest spread of horn cores was significantly
lower than thai in European bison (0.02<{p<C0.05 and 0.002<p<<0.005,
respectively).

In backcross cows all dimensions of processus cornuales were signifi-
cantly greater than those in the cattle while in male hybrids they were
alike the cattle’s (Table 6). In young F, hybrids the dimensions of
processus cornuales were greater than those of backcross generalions
{Table 6).



Table 6

Measurements of processus cornuales and capacity of cavum cranii in

hybrids between European bison and the cattle and in parental forms.

See Table 2 for abbreviations of hybrids generations. Expl.: 1 — Horn

core length measured along external curve; 2 — The greatest spread

of horn cores; 3 — Circumference of horn core base; 4 — Capacity of
cavum cranii.

Generation n, Age, Measurement
& sex name (mth) 1 2 3 4
F, Males 5 60—156 T 2894 6460 2510 826.0
SD 25.7 45.2 36.7 88.8
Cv 8.9 7.0 14.6 10.7
6 12—24 X 2225 5223 2047 8500

SD 41.2 52.8 11.3 -
cv 18.5 10.1 3.5 —

F, Females Filutka 84 1840 4250 175.0 —
Fama 96 226.0 450.0 179.0 7200

5 1236 x 218.4 4145 1594 —

SD 15.2 34.1 5.8 —

cv 6.9 8.2 3.6 —
B, bos Males 5 48-—84 X 231.0 5685 2044 6920

SD 36.7 64.8 176 1141

cv 15.9 11.4 8.6 16.5

6 12—48 x 2212  508.7 2125 5900
SD 25.2 55.6 166 20.0

cv 114 10.9 7.8 34

B, bos Females 6 48—98 X 2220 4275 1613 635.0
SD 58.7 51.3 20.8 28.8

cv 26.5 12.0 12.9 4.5

4 12—48 o 1328 3255 1313 5350
SD 251 18.6 13.3 238

cv 18.9 5.7 10.1 4.4

B; bos Males 3 48—60 T 263.3 5285 2143 5600
SD 241 18.1 38 60.8

Ccv 9.1 3.0 18 10.5

Fenek 16 1450 4250 1740 5400

Fenyl a7 2516 5900 2150 7500

B, bos Females 3 48—72 T 181.8 4020 1604 G480
8D 29.0 55.6 238 748

cv 15.9 13.8 149 115

5 12—48 T 206.5 3653 1478 5320

SD 490 1302 987 277
CV 237 366 177 52

B, bos Male Feliks 23 18206 4800 1R74 540N
B; bos Females 4 12—-36 T B7.3 2708 1038 4900
sD 15.8 44,7 155 26,5
cv 18.2 165 14.9 5.4
Cattle Males 6 ad T 1842 4787 205”5350

SD 74.1 1219 53.9 A2.H

Ccv 40.2 255 26.2 11.7

Cattle Females 34 ad I 1458 3499 1230 5265
SD 321 47.8 18.7 477

cv 22.0 13.7 15.2 9.1

Bison Males* 16 48—ZIu4 T 251.3 6565 27988 7215
SD 36.8 51.8 18.7 48 R

cv 14.6 7.9 8.3 £.8

3 12—28 T 162.8 455.5 155.5 600.0

Bison Females * 17 48—324 T 1599 4739 17286 635.0
SD 31.5 35.1 12.4 42.3

Ccv 19.7 7.4 7.2 6.5

5 1236 x 157.5 3904 1264 528.0

SD 368.4 49.4 12.5 391

cv 23.1 12.7 9.9 T4
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Nearly in the whole analyzed material the measurements of processus
cornuales showed the high variability, greater than other cranial dimen-
sions. Horn core length measured along external curve in F; hybrids
showed moderate variability while it was very much wvariable in back-
cross hybrids, European bison, and domestic catlle (Table 6). The coef-
ficient of variation of the greatest spread of horn cores indicaled mo-
derate variability in young and mature F; hybrids and adult European
bison as well as high variability in backcross hybrids and the cattle.
The circumference of horn core base showed high variability in F
hybrids, the cattle, and backcross cows and moderate variability in
European bison and backcross males.

3.2.3. Dorsum Nasi

There were no significant differences in the length of ossa nasalia
(N-Rh) between European bison and cattle. Ossa nesaliec of F; hybrids
and backecross cows were significantly longer (I, and European bison:
p<<0.001; F: and the cattle: 0.02<{p<{0.05; Bibos: p<<0.00l, and Bshos
0.02<p<70.03). In male backcross hybrids N-Rh was similar in length
to those of European bison and the cattle. In adult hybrids this meas-
urement showed moderate variability but it was very much variable
in domestic bulls. In young B,bos hybrids and European bison CV was
higher than in mature animals.

Contrary to the length, the breadth of ossa nasulia (Nm-Nm) was
significantly greater in European bison than in the cattle (p<<0.001}. In
F, hybrids this dimension was smaller than in European bison (p<<0.001)
but greater than in the cattle (0.000<p<{0.01) (Table 3). In backcross
hybrids ossz nasalia were narrower than in Fi hybrids and their breadth
only inconsiderably excelled the values typical of the cattle. In young
hybrids Fy dorsum nasi was longer and broader than in backcross hybrids
and European hison (Table 2, 3). In mature F; hybrids Nm-Nm showed
slight variahility, in European bison it was moderate and in backcross
hybrids of bolh sexes it became high. The variability of this dimension
was higher in most young animals than in mature ones (Table 3).

The comparison showed that dorsum nasi was distinctly longer in I,
nywrids than in their parents, and its breadth was intermediate. In
backcross hybrids the proportions of this pertion of the skull were
similar to those of F'; hybrids, but they trended towards the proportions
typical of the cattle,

3.3. Planum Nuchale
There was substantial difference in the fornr of planum nuchale

between European bison and the cattle. In the cattle its central part
was composed of squama occipitalis, from above it was bordered by



170 M. Krasinska

interconnected ossa parietalic and os interparietale, the lower part was
composed of partes laterales ossium parietalium with processus mastoidei
ossium temporalium on their sides. On the border line between planum
frontale and planum nuchale lay protuberantia intercornuaelis (Poplew-
ski, 1947; Krysiak, 1983). However, in European bison planum nuchale
was composed of squama occipitalis and partes laterales ossis occipitalis
as well as processus mastoidei ossium temporalium. The top border was
delimited by linea nuchale (Empel, 1962).

Planum nuchale in all hybrids was composed of identical bones as in
the cattle (Plate X, Photo 7), and nuchal part of ossium parietulium
showed wvarious degree of reduction (Plates X, XI, Photos 8, 9, 10). So
that, in hybrids one could observe the verticality of postcornual part of
the skull, i.e. the feature of a skull characteristics of the cattle. Nuchal
parts of ossium parietalium were developed best in F, hybrids and occ-
cupied 1/3 to 1/4 area of planum nuchale. In backergss hybrids the re-
duction of these parts intensified, though individual variability of this
feature was very high.

The upper margin of planum nuchale in hybrids, just as in the cattle,
was formed by protuberantia intercornualis. It was poorly developed in
Fi hybrids (Plate X, Photos 7, 8) and well developed in B: hybrids
(Plate XI, Photos 9, 10).

The breadth of planum nuchale measured as the breadth of occiput
(Ot-0Ot, Table 3) in mature European bison was high significantly greater
than in the cattle (males: 0.001<Cp<{0.002; females: p<70.001). In F,
hybrids this dimension was somewhat greater than in European bison
(Table 2). In backcross hybrids, except Babos females, Ot-Ot was signi-
ficantly smaller than in European bison (p<<0.05) but it was incon-
siderably greater than in the catile. Among young animals the breadth
of occiput in F; hybrids, Bsbos cows, and Bibos bull was grealer than
in European hison. The wvariability of this measurement was moderate
or low, except for young animals, in which it was higher than in mature
specimens and in the cattle.

The height of occiput (B — linea nuchee) was highest in mature F:
males, It considerably exceeded those of European hison, the cattle, and
backeross hybrids. In these last the height of occiput only inconsiderably
exceeded that of the caitle, In young animals this dimension was highest
in Fy hybrids of both sexes. In all young hybrids, except Bsbos cows,
it excelled the dala of European bison. So, it can be concluded that oc-
ciput grew to height and to breadth at different rates in European bison
and in hybrids. In this material the height of occiput showed low or
moderate variability, except young Bsbos cows and young European
bison, in which it was rather high.
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There were distinct differences in the shape of occiput between ma-
ture male European bison and the cattle {index 12, Table 4). In the
skulls of domestic bulls the occiput was higher in relation to its breadth,
contrary to European bison (index 12 was significantly higher in domestic
bulls, p<<0.001). The shape of occiput in F; males was intermediate
between parental forms (index 12 was significantly lower than in do-
mestic bulls and higher than in European bhison, 0.001<p<C0.002) (Table
4). In adult male backcross hybrids the shape of occiput was similar
more to European hison’s than to the cattle’s. There were no distinet
differences in the proportions of occiput in adult female European bison,
domestic cows, and female hybrids. In the crania of moest young hybrids
and European bison index 12 was higher than in adult animals. It
evidenced that in mature animals the breadth of occiput (0Ot-Ot) grew
more intensively than its height. High individual variability of the index
under discussion could be observed in domestic bulls and Bjbos cows
(CV>10%).

3.4. Paries Lateralis

On this cranial surface the form of two elements distinclly differred
between European bhison and the cattle. They were orbit and fossu
lemporalis. In BEuropean hison fosse temporclis was long and narrow
(slot-shaped) and in older individuals it was markedly narrowed as an
effect of increasing processus cornuales (Empel, 1962). Since in European
bison processus cornuales stuck out before the hind margin of the
calvaria, a fragment of fossa temporalis on the lateral wall was visible
behind processus cornualis, In the cattle fossa temporalis was short and
broad, bordered from the top enlirely by os frontal {Plate XII, Photo 11).
In F; hybrids one could observe great individual differences in the shape
of fossa temporalis. In three individuals (“Filon”, “Filip”, “Filutka”)
which mother was European bison it was similar to fosse temporalis of
European bison (Plate XII, Phoio 12), while in the progeny of domesiic
cow and European bison (“Facet”, “Fakir”, “Farad”, “Fama”} it was
similar to thatof the cattle (Plate XIII, Photo 13). In most backcross
hybrids the shape of fossa temporalis was similar to that, observed in
the cattle skull, although there were some individual differences in the
breadth, length and the situation of the narrowing (Plate XIII, Photo 14).

The height of fosse temporalis in all mature hybrids was similar to
that of the cattle (Table 5), and it was almest three times as high as
in European bison, The height of fossa temporalis showed high variability
in male hybrids, nevertheless it was lower than the variahility of this
dimension observed in European bison. In young animals high variability
of this measurement occurred in F; males and in European hison.
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3.4.1. Orbita

Contrary to the cattle (Plate XII, Photo 11) anuli orbitules of European
bison stuck out far away to the sides. Among hybrids only mature F,
males had telescopic orbits similar to those of European bison (Plates XII,
XIII, Photos 12, 13), though they were poorer developed. In backcross
hybrids, except for one Bibos bull (Plate XIII, Photo 14), this feature
got atrophied.

3.5. Basis

A detailed description of the form of basal length of a skull (BP) is
given in section 3.1. It was grealest in Iy hybrids, The length proportion
of neurocranium basis to splanchnocranium basis (index 3, Table 4) was
similar in all hybrids and parental forms.

Length of maxillary teothrow P’ to M® was greatest in the skulls of
F hybrids. In backcross cows it was also greater than in European bison
and the cattle (Table 2). The dimension of cranial basis showed low or
moderate variability (CV=2.7—8.7), except young B; cows (Table 2).

ke

3.6. Mandible

There were distinct differences in the form of mandible between
European bison and the cattle, although its length did not differ sig-
nificantly. Corpus mandibulae and ramus mandibulae of European bison
were lower than those of the cattle (p<<0.001). Both indices which char-
acterized the proportions of mandible (10, 11 — Table 4) were signifi-
cantly greater in the cattle than in European bison (p<<0.001).

In this material adult F; hybrids of bolh sexes had the longest man-
dibles (Id-cm). They exceeded the dimensions of mandibles of the cattle,
European bison (p<<0.001), and backcross hybrids (significant differ-
ences observed only in males: 0.02<p<{0.05). Alsoc mandible of female
backcross hybrids was significantly longer than that of Eurovean bison
{Bibos: 0.01<p-<0.02; B:bos: 0.02<<p<<0.05) and the catlle (B:bos:
p<<0.001, and B,bos: 0.001<p<C0.002). In young animals (there was no
F; material) the longest mandibles were observed in male European
bison and Bibos females (Table 7). The length of mandible showed low
variability, it was higher only in young European bison (Table T).

In all backeross hybrids the height of remus mandibulae (Cm-gov)
was significantly greater than in European bison (p<(0.001). There were
no distinct differences in this dimension between F, and B;bos hybrids
and the cattle. In B:bos hybrids the height of rumus mandibulee ex-
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ceeded that of the cattle (0.01<<p<C0.02). The variability of this dimension
was moderate in adult hybrids and European bison while it was rather
high in cow hybrids and the cattle.

Height of symphysis mandibulee (Id-gov) in F; hybrids, B,bos and
Bobos males was similar to that of European bison and smaller than in
the cattle while in Bjbos and Bs.bos females it exceeded that of the
cattle (0.002<p<(0.00%5). It was the most variable dimension of man-
dible, and in adult hybrids and parental forms it was particularly high,
Only in young female hybrids it was moderate (Table 7).

Table 7

Measurements of mandible in hybrids between European bison and the cattle and
in parental forms. See Table 2 for abbreviations of hybrids generations and European
bison. Definitions of measurements are given in the text.

Generation, Age
sex, " Id-em  Id-goc Cm-gov Id-gov BRM HCM
{mth)
niname}
F, Males
5 60156 x 473.4 441.9 167.4 148.5 133.7 81.7
SD 169 19.3 13.1 20.8 13.7 4.4
cv KN 44 7.8 14.0 10.2 5.3
F; Females
Filutka 84 438.5 406.5 164.5 155.5 106.0 74.0
Fama 96 4325 409.5 170.5 122.0 117.0 77.5
B, bos Males
5 18—84 T 443.7 419.2 167.9 152.2 120.4 83.0
5D 11.8 10.8 13.9 23.3 7.9 4.8
Ccv 2.7 26 8.3 15.3 6.6 5.8
8 12—48 X 412.3 385.6 167.2 139.1 106.6 80.4
SD 18.7 17.9 134 17.2 6.2 21
cv 4.5 4.7 8.0 12,3 58 2.8
B; bos Females
6 48—96 x 4229 401.6 170.8 152.1 110.4 77.8
5D 9.5 7.3 13.7 223 8.7 4.1
cv 2.2 18 8.0 14,7 8.1 5.2
4 12—48 ¥ 355.5 3318 1370 115.3 91.5 721
5D 19.4 22.1 14.7 8.7 3.7 83
cvy 5.6 6.7 16.7 1.5 4.0 11.5
B; bos Males
3 48—460 x 427.5 406.8 182.3 151.7 114.5 81.6
SD 4.3 10.1 10.4 13.9 5.3 5.0
cv 1.0 25 5.7 9.2 4.6 6.1
Fenck 16 367.0 345.5 1390 140.5 95.0 78.6
Fenyl 27 404.5 3825 170.0 148.5 119.0 84.0
B; bos Females
5 48— 172 x 426.2 402.5 175.1 157.4 114.7 79.2
SD 226 20.0 11.1 223 9.2 4.7
Ccv 53 5.0 6.3 14.2 8.1 6.0
5 12—48 r 410.3 388.2 164.8 145.0 1107 79.4
SD 251 215 8.7 13.3 9.0 5.2
Ccv 6.1 5.5 53 91 81 6.5

continued on p. 175
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Table 7. concluded.

B; bos Male
Feliks 23 418.5 391.0 151.5 182.5 113.0 84.0
B; bos Females
4 12—36 T 350.9 336.6 124.0 122.6 166.6 72.5
SD 279 24,7 232 9.1 5.2 5.4
Cv 7.9 7.3 187 7.4 4.9 75
Cattle Males
3 ad x 439.3 412.3 168.7 172.0 118.7 92.0
SD 26.8 26.3 29.3 30.1 14.0 8.1
cv 6.1 6.4 17.3 175 118 6.6
Cattle Females
40 ad T 386.4 368.7 155.5 129.5 110.5 76.3
SD 238 21.4 15.3 15.3 8.8 T4
cv 6.1 5.8 98 11.8 8.0 9.7
Rison Males*
18 48264 x 435.6 410.9 125.7 153.2 119.6 63.8
SD 11.6 121 8.0 16.3 9.6 6.1
cv 2.7 3.0 6.4 10.6 8.0 9.5
FPulan 13 319.0 350.0 96.0 142.0 — —
Putkownik 22 355.0 361.0 105.0 141.0 — -—
Bison Females*
17 48324 x 410.3 387.8 1209 135.6 108.9 59.8
SD 9.1 8.3 8.5 16.8 58 3.0
Ccv 22 2.1 7.1 124 5.3 5.0
5 12—36 ¥ 341.4 326.8 101.0 1415 98.0 fi4.5
8D 43.0 39.6 85 20.1 — —_
Cv 12.6 12.1 8.4 14.2 — —

Height of corpus mandibulae behind Bs (HCM) in hybrids was dis-
tinctly greater than in European bison (Fi, Bibos and B:bos females:
p<{0.001, B,bos males: 0.002<p<<0.005). In comparison with the cattle
the height of corpus mandibulae of only male hybrids was inconsiderably
smaller (significant difference in ¥, males: 0.02<p<<0.05). This dimension
showed moderate variability in adult animals, it was higher only in
yvoung B;hos hybrids.

There were no significant differences in the breadth of ramus man-
dibulae (BRM) between adult Eurcpean bison, the cattle, and backcross
hybrids. This dimension was greater only in F; males in comparison
with that of European bison (0.02<p<{0.05) and it showed high wvari-
ability in F; males and domestic bulls, while in remaining animals the
variability was moderate or low. I had both mandibles of hybrids at my
disposal and I found that they were asymmetrical. Only in 12 cases (of
59 ones examined) the dimensions of both mandibles were almost iden-
tical. In remaining hybrids the left and the right mandibles differed
in both their height and length.

It was interesting that both dimensions, which distinetly differred
hetween European bison and the cattle (HCM and Cm-gov), in hybrids
were similar either to those of European bison (Fi hybrid “Filon”)
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or to the cattle’s (“Facet” — Plate XIV, Photo 15) or one dimension
was similar to that of European bison and another to the cattle (other
Fi hybrid — Plate XIV, Photo 16). In backcross hybrids the shape of
mandible grew more and more similar to that of the cattle as the
percentage of cattle blood increased (Plate XIV, Photo 16). Of Bibos
hybrids four animals and three individuals of Bebos generation had lower
corpus mandibulae (Plate XIV, Photo 17) but it was still higher than in
European bison. In young B:bos hybrids the proportions of mandible
were similar to those of the cattle,

The comparison, presented above, showed that European bison's man-
dible was characterized by lower corpus mandibulae and, in males, by
smaller height of symphysis mandibulee than those of the cattle. The
differences in the lengih were rather small. Hybrids’ mandibles, es-
pecially those of F: hybrids, were longer than those of European hiscn
and the cattle while their height of symphysis approximated the cattle’s.
However, in backeross males and F; hybrids the height of symphysis
mandibulae was rather alike in European bison.

3.7. Sexual Dimorphism

Taking into account absolute values of cranial dimensions published
by Empel (1962) I ascertained significance of differences in average
measurements of male and female skulls. Significant differences were
found in the following measurements: Ot-Ot, Ect-Ect, Fs-Fs, Nm-Nm
and the greatest spread of horn cores (p<<0.001), which confirmed the
earlier coneclusions of Empel (1962). Most of remaining mean measure-
ments of male European bison’s skull were also greater than those in
females. However, in young male European bison anly two measurements
— the capacity of cavum cranii and the horn core base circumference
were significantly greater than those in females (0.02<p<C0.03), which
indicated that the dimorphic differences in skull of Eurcopean bison
developed with age.

Most cranial dimensions of domestic bulls were greater than those of
cows, alike European hison. The greatest significant differences were
observed in the following measurements: horn core base circumference,
Fs-Fs, Ect-Ect, Nm-Nm, Sph-Br, the greatest spread of horn cores, Ot-Ot,
and the height (p<<0.001, Tables 2, 3, 4, 5, 6).

In the skulls of F; hybrids the differences related to the sex were
visible earlier than in European bison. In two-year-old male F; hybrids
the measurements Ect-Ect and Fs-Fs were significantly greater than
those in females, which was not so visible in the skulls of European
bison. In adult F, hybrids the greatest differences related to the sex



178 M. Krasifiska

were found in the following dimensions: Ect-Ect, Fs-Fs, Ot-Ot, Nm-Nm,
the height of a skull and the greatest spread of horn cores so that alike
parental forms.

In young B;bos males the dimensions of a skull were, in general,
greater than those of females. In young animals the greatest differences
were observed in the measurements: the greatest spread of horn cores
and the circumference of horn core base (0.0056<p<C0.01), smaller ones
in the breadth and the length of a skull (0.01<<p<<0.02) as well as in
its height (0.02<<p<C0.03).

In the group of young Bsbos hybrids some dimensions were greater
in males. They were: the breadth Ect-Ect and Fs-Fs, the capacity of a
skull, the circumference of horn core base, and the greatest spread of
horn cores, In adult Bsbos males the measurements: Sm-Sm, 0t-Ot,
Ect-Ect (0.000<<p<{0.01) and three measurements of processus cornuales
(0.01<<p<<0.02) were significantly greater than those in females. Most
dimensions of young Bsbos male were greater than the analogous di-
mensions of females. “

The formation of sexual dimporhism in the skulls of adult animals
could be investigated by analysis of dendrite (Fig. 2}, on the basis of
the similarity in the measurements of breadth (Ect-Ect, Ot-Ot) and the
height of a skull. Distinct division of sexes on the basis of three measure-
ments was observed in adult European bison, F;, hybrids, and in the
cattle as well as in young Bsbos hybrids. In B;bos and Bsbos hybrids
the division of sexes on the basis of these measurements was possible
only in some animals. This resulted from the fact that backcross cows
had relatively large skulls, which dimensions exceeded those of domestic
COwS,

To sum up, it can be said that the most distinet differences in the
size of a skull which were connected with sex and which occurred in
hybrids and parental forms referred to the breadth of a skull and planum
nuchale as well as to the size of processus cornuales. The differences in
skull's breadth which were connected with sex developed earlier in life
in hybrids than in European bison. This indicated different rates of
development of the skulls in these animals,

4. DISCUSSION

In the evolutionary process of Bovinge frons has grown longer and
broader and postcornual part of the skull has been transformed. These
transformations proceeded different ways in different phylogenetic bran-
ches of the groups: Zison, Bibos, and Bos, which resulted in creation
of different forms. In Bison line the divergance of a skull found expres-
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Table 8

Coillation of the age {in months) of the earliest full obliteration of sutu-

rae capitis in hybrids between European bison and the cattle and in

parental forms. Abbreviation of hybrid génerations as in Table 2; By

hybrids — only animals 1—2 years available; Data for cattle, after Kry-

siak (1975). Abh.: E.b. — Europen bison, after Empel (1962); 1 — lateral;
m — medium; a — anterior; p — posterior.

Hybrid generation or species
Suturae F, Bibos Bybos B;bos Eb. Cattle

Dorsum nasi

S. internasalis 8 7 -_ —_ 22
8. nasofrontalis 1 6.5 — — — 14
m 11.0 — —_ —_ —
Calvaria
S. parietofrontalis 1 6.5 2.5 4.2 2 5
m 5.5 25 22 2.2 5
S, frontalis a 8 — — — 7—12
m 6.5 4.5 — — 6
P 5.5 2.5 4.2 — 6
Planum nuchale
8  squamosooccipitalis 5.5 3 25 2.2 3
S. occeipitomastoidea 5.5 4 4.2 —_ 5 4—5
Fossa temporalis
S. parietofrontalis 5.5 — — — 12
5. parietotemporalis 55 1.5 — — 9
S zygomaticofrontalis 5.8 4.5 — — 3
Orbita
S. fronmtolacrimalis 5.5 5.5 — 22 14
S. sphenofrontalis 5.5 55 — — 14
Facies facialis
S. lacrimomarillaris - — —_ —_— — 10—15
S. zygomaticolacrimalis 5.5 — 4.2 — 6 T—8
S. zygomaticomarillaris 8 — — — 14 10—15
S. frontolacrimalis 5.5 — — —_ _ —8

sion in slight shortening of postcornual part of the skull, in broadening
of frons and in horizontal situation of regio parietalis, which is of in-
terparietal type. The postcornual part of the skull has changed most of
all in the Bos line, Their calvaria is composed entirely of elongated ossa
frontalia, while postcornual part of the skull, which is very much short-
ened, gets vertical and it lies in the same plane as occiput. In Bos the
top border of calvaria is formed by protuberantia intercornuelis which
interconnects the base of horn cores while in Bison linea nuchae formed
this border (Sokolov, 1953).

I attempted to investigate the trend of heredity of cranial characters.
In the skulls of hybrids of all generations the features which were typi-
cal of Bos distinctly prevailed. They were verticality of postcornual
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part of the skull and the reduction of nuchal parts of ossium parietalium,
although in hybrids it was less reduced than in cattle, In backeross
hybrids the size of this region grew smaller as the percentage of cattle’s
blood increased. In hybrids also calvarie was composed entirely of ossa
frontalia, alike the cattle. In skulls of juvenile, hybrids originating from
the Askania Nova regio parietalis was similar to that of the cattle
{(Bogoljubskij, 1935). The form of regio parieto-occipitalis approximated
that observed in European hison skull as the age of these hybrids in-
creased (Andreeva, 1935). B; hybrids of the Askania Nova, in this respect,
were alike cattle,

Most of features of skulls of ¥, hybrids from Bialowieza were inter-
mediate between those of European bison and the cattle, but some of
them were alike European bison and other were similar to those of the
cattle, In F; males the general proportions of a skull as well as the
value of splanchnocranium to neurocranium ratio were intermediate
between parental forms. In Fy hybrids of both sexes the size of frons
and the breadth of osse nasalia were also intermediate as well as the
height of a skull in females of all hybrid generations. In F; hybrids of
both sexes the similarity with European bison appeared in the breadth
of occiput, the size of regio parietelis, and in the shape of processus
cornuales. In Fy males it appeared in an arching of anuli orbitales, as
well. Also the height of symphysis mandibulee in F; hybrids and back-
cross males was more characteristic of European bison than of the cattle.

However, the similarity with the cattle apart from mentioned above
verticality of postcornual part of the skull and form of the calvaria,
appears in general proportion of a skull in F, females and backercss
hybrids as well as i1 the height of fosse temporaelis in all hybrids. Most
of remaining cranial dimensions in backcross hybrids approximated those
of the cattle and this similarity increased as the percentage of cattle
blood grew higher.

Similar regularities could be observed when comparing the structure
of hybrid's skull with the form of its whole body. The form of F,
hybrid’s body was of intermediate charater and some of features were
inherited from European bison while other from the cattle, just as in
its skull. The bodies of F; males had more features alike European bison,
just as it was observed in their skulls. The heads of Fi males showed
intermediate form while the heads of females were alike the cattle’s,
which was in accordance with the observations of general proportions
in hybrid skulls. Exterior similarity with the cattle increased in back-
cross hybrids as the percentage of cattle blood grew higher (Krasinska,
1969, 1971b, 1979b).

Juvenile skulls of hybrids of the Askania Nova were similar to the
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cattle skulls although the differences in the skull form between hybrids,
European bison, and the cattle were considerably smaller in new-born
calves than those in older animals (Bogoljubskij, 1935). In two older
F; hybrids of the Askania Nova the height of fossa temporalis, the
breadth of nasal bones and the shape of horns showed distinet domina-
tion of cattle features. In hybrids from Bialowieza this last feature ap-
proximated that of European bison. Alike backcross hybrids of Bialo-
wieza, in two Bibos hybrids of the Askania Nova the skull form was
similar to the cattle’s, but some dimensions were greater than those of
the cattle.

Cranial dimensions of one mature ¥y, cow of the Askania Nova
(“Galka”, ¢ European bison X @ grey Ukrainian breed of cattle) were
similar to those observed in hybrids of Bialowieza, only her frons was
broader. The dimensions of the skulls of Bibos hybrids of the Askania
Nova were similar to those of analogous hybrids of Bialowieza, only the
breadth of frons (Ect-Ect) and the height of occiput (B-linea nuchae)
were greater,

The skulls of adult hybrids of Bialowieza were relatively homegeneous,
not very differentiated material. The coefficients of variation (CV) of
most measurements were lower than 6%. The domestic bulls examined
were different in this respect. Most of their measurements had high CV,
which indicated, among others, that the material was very much dif-
ferentiated, In hybrid crania only dimensions of processus cornuales,
the height of fossa temporalis, the capacity of cavum cranii of male
skulls and some dimensions of mandibula showed high variability. The
cranial dimensions of young animals were more variable in most cases
than those of adult ones. This phenomenon was observed as well in
Eurcpean bison (Empel 1962; Kobrynczuk & Roskosz 1980) as in other
maminals (Buchalezyk & Ruprecht, 1977; Ruprecht, 1974).

In hybrid cranie, which were rather homogeneous material in respect
of linear dimensions, occurred many differences which could not be
expressed in numbers. They may refer, i.e., to only one bone with some
features inherited from European bison and others from the cattle, just
as in the case of mandible or processus cornuales ossium frontalium.
High variability -was observed in the shape of fosse temporalis and in
the development of protuberantic intercornualis. Also verticality of post-
cornual part of the skull inherited from cattle goes together with dif-
ferent degree of development or reduction of nuchal parts of ossium
parietalium, Furopean bison features of a skull (Ect-Ect, HCM, the shape
of processus cornuales) which were observed in some backcross hybrids,
apart frem Fy hybrids, could be inherited only by single individuals of
a given backcross generation. So that, the comparison of average values
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of the dimensions did not form a proper pattern of the differentiation
of cranial features inherited from European bison or from the cattle in
hybrids of all generations. It also indicates that the heredity of these
features is very much complicated. It was found that the skulls of
F: hybrids grew faster in early youth of these animals of European
bison. It refers to most dimensions of iength, breadth, and the height
of a skull. Alsc dimensions of processus cornuales and most of
measurements of mandibula (except for Id-Gov) were greater in 12—24
month old F; hybrids than in European bison of the same age. The
comparison of linear dimensions in the skulls of adult animals indicates
the differences in the rates of growth between hybrids and European
bison. The breadth of a skull (Ect-Ect, Fs-Fs, Nm-Nm) and the size of
occiput were signiflicantly greater in adult European bison than those
in hybrids, contrary to the young animals. It evidences that the skull
grew in breadth more intensively in European bison which were older
than 4 yrs than in hybrids. It remains in accordance with Empel’s (1962)
observation which suggests that some dimensions of European bison skull
increase even in animals more than 5 years old. During the earliest 24
months of life the rate of growth was faster in hybrids than in the
parental forms, or it is at least as intensive as that of the cattle. Adult
F; hybrids exceeded both parental forms in body size. Their constitution
approximated the proportions of the cattle rather than of European
bison, although there were many intermediate features (Krasinska, 1969).
So, it can be concluded that the faster rate of growth of F; hybrids
during the early stages of postnatal development can be the feature
inherited from the cattle or it is an effect of heterosis.

Some similarities as well as differences between hybrids, European
bison and the cattle were visible in the rate of obliteration of skull's
sutures. In hybrids of all generations, just as in European bison (Empel,
1962) and the cattle, the sutures of planum nuchale ossified earliest of
all (Table 7). Such an early obliteration could be observed in backecross
hybrids in respect to some sutures on the calvaria, The sutures: inter-
nasalis, nasofrontalis (pars media) and lacromaxzillaris ossified in hybrids
alike in parental forms i.e. sporadically or late in age. In backcross
hybrids the obliteration of the sutures on the surfaces of fosse tem-
poralis, orbita, facies facialis occurred earlier in life than the obliteration
of these sutures in parental forms.

Heterosis is one of the most interesting phenomena which accompanies
hybridization. It can appear in the changes of metabolism, faster rate of
growth, in large body size or greater productivity ete. In general, hete-
rosis was observed in hybrids of first generation. In all F; hybrids
between European bison and the cattle, obtained so far, it was distinctly
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visible. Hybrids bodies in both the birth-weight and the weight of adult
animal exceeded those of the parental forms (Karcov, 1903; Iwanow &
Philiptschenko, 1916; Krasifiska, 1969; Matecka et al., 1976; Malecka &
Suminiski, 1976). The great weight of body was related to the increase
in the weight of internal organs (Krasinska & Pilarski, 1977; Pytel et al,,
1877), muscles (Szule et al., 1971) and skin (Pietrzykowski & Krasinska,
1971). The heterosis of body size and its weight was not observed in
most backcross hybrids. Merely three calves of B;bos generation had
greater birth-weight {(Krasinska, 1971h). Heterosis was also recorded in
the form of crania of F; hybrids just as in the consitution of their boedies.
Most cranial dimensions of young ¥, hybrids were greater than those
of European hison and backcross hybrids, In adult F; hybrids the base
of a skuill, mandible (Id-CM) and osse nasalia were longer and the ca-
pacity of cavum cranii was greater than those of European bison and
the cattle, In F; males also the height of occiput was distinctly greater
than that in European hison and the cattle, It is interesting that the
crania of two Fy hybrids of the Askania Nova were not larger than the
rkulls of parental forms (Andreeva, 1935). However, in Askanian back-
cross hybrids many of cranial dimensions were greater than in the cattle
(Andreeva, 1933). In the material from Bialowieza this phenomenon was
¢ bserved in B;bos and B,bos cows.

The material for craniometric analysis of hybrids came from hybridi-
zation between European bison aud dJifferent breeds of cattle, so it was
nri homogenecus in respect of crigin. Alsy many age classes were not
represented in it because of the need for other studies on these animals.
Hybrids of the Askania Nova were the progeny of European hison and
grey Ukrainian and Metis-Simental cows, while the remaining hybrids
came from black and white lowland and the Polish red breeds of cattle.
All backeross hybrids of Bialowieza were the progeny of black and white
lowland bulls. Some of backeross hybrids had the blood of only black
and white lowland cattle, others had the blood of both black and whitk
lowland and the Polish red breeds. Craniometric analysis has not
revealed any features of the skull related to the breed of cattle crossed
with Eurepean bison. The differences in the skulls between hybrids of
the Askania Nova and those of Bialowieza resulted rather from individual
variability than from the differences in the breeds of domestic cattle
wvhich were hybridized with European bison.
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Malgorzata KRASINSKA

KRANIOMETRYCZNA ZMIENNOSC KSZTALTU CZASZKI HYBRYDOW ZUBRA
Z BYDLEM DOMOWYM W POROWNANIU DO FORM WYJSCIOWYCH

Streszczenie

Badania wykonano na 59 (28, 31) czaszkach hybrydéw zubra z bydlem domowym
rasy czp i ncb o rosngcym udziale krwi bydla od 50% do 93,75%. Zwierzeta te
reprezentowaly 4 pokolenia hybryddéw: F; (50% bydlo, 50% Zzubr), B;bos (75% bydlo,
25% zubr), B;bos (87,5% bydlo, 12,5% zubr), Bsbos (93,75% bydlo, 6,23% zubr).
Szczegblows analize poréwnawcezg przeprowadzono na czaszkach osobnikéw do-
roslych (Tabela 1), Do poréwnan wykonano wymiary 40 (6, 34) czaszek bydla do-
mowego, a z literatury zaczerpnigto dane dla zubra (Empel, 1962}, Na kazdej
czaszce wykonano 34 pomiary (Ryc. 1), ktore uzyto do wyliczenia 12 wskainikow
{Tabela 4). Czaszki dorostych hybrydow wykazujg malg zmiennosé wymiardéw linio-
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wych (CV<g%). Spotyka sig¢ jednak zréznicowania w strukiurze czaszki hybrydéw,
ktérych nie mozna wyrazié¢ pomiarami.

U hybrydéw F; w budowie czaszki zaznacza sie efekt heterozji, przejawiajacy
sie w wigksze] niz u zubra i bydla dlugosci podstawy czaszki, dlugosci zZuchwy
(Id-Cm), dlugosci kosci nosowych oraz pojemnosci jamy czaszki (Table 2—7).
Wiekszo$¢ pozostalych wymiarow czaszki doroslych hybrydéw F; ma wartodci po-
frednie w stosunku do form wyjéciowych, przy czym sa cechy podobne do zubra,
inne do bydla. U samecéw F, ksztalt czaszki jest posredni, jak rowniez sfosunek
wielkosei trzewio- i mozgoczaszki czy ksztalt potylicy. Wielkoéé czola u hybryddow
F; oraz szerokos¢ sklepienia nmosowego majg wartosci posrednie, podobne jak wy-
sokos$é czaszki u samic hybrydéw wszystkich pokolen (Tabele 2—7). Podobienstwo
do zubra zaznacza sie w szerokodci potylicy, wielkoéci i kszialcie mozdzeni u
hybrydéw F, obu pleci. Réwniez u samecéw F; wysoko&é eczaszki oraz wysklepienie
piericieni oczodolowych sg podobne do zubra. Wysokoéé spojenia zuchwy (Cm-Gov)
jest u hybrydéw F, i samcdéw pokolenn wstecznych blizsza danym dla zubra (Tabe-
la 7).

Podobienstwo do bydla zaznacza sie w pionizacji zarogowej czesci czaszki, ktéra
lezy u wszystkich hybryddw razem z potylica na tarczy karkowej oraz w budo-
wie sklepienia czaszki, utworzonego wylacznie przez koéci czolowe. Ksztalt czaszki
samic F, oraz hybrydéw wstecznych jak réwniez wysokosé dolu skroniowego u
hybrydéw wszystkich pokolei sg podobne do bydia. Wiekszoéé pozostalych wy-
miaréw czaszki hybryddw wstecznych jest zblizona do czaszki bydla, przy czym
podobienstwo to rosnie w miare wzrostu udzialu krwi bydia. Jednak nawet u
sztuk o niskim procencie krwi zZubra mogsg pojawiaé¢ sie indywidualne ecechy
zblizone do zubra (ksztalt mozdzeni, szeroko$§é czola, wysokosé trzonu zuchwy za
Mg). W zuchwie obie cechy réznigce sie wyraznie u zubra i bydla (wysokod$é trzo-
nu zuchwy za M; i tylna wysokoié galezi zuchwy w projekeji) dziedziczg sie u
hybrydéw F, albo obie po zZubrze albo ohie po bydle, albo jedna po zubrze a druga
po bydle (Tablica XIV, Fot. 15—17),

Wiekszo$¢ wymiaréw diugoéei, szerokodei i wysokosci eczaszki miodych (12—24
miesigce) hybryddéw F, jest wieksza niz u zubréw, Natomiast u zwierzat dorostych
wymiary szerokoéci czaszki (Ect-Ect, Fs-Fs, Nm-Nm, Ot-Ot) s3 wyraZnie wieksze
u zubréw niz u hybryddéw, Wskazuje to, ze w pierwszych latach zZycia czaszka
hybrydéw roénie intensywniej niz u Zubréw, co moze wynikaé z efekfu heterozji
coraz wplywu tempa wzrostu czaszki odziedziczonego po bydle. Natomiast u Zubrow
w wieku powyZej 4 lat czaszka powieksza sie na szerckoéé intensywniej niz u
hybrydéw.

Duze podobienstwa ale i pewne roinice, obserwuje si¢ réowniez w tempie obli-
teracji szwow kostnych czaszki miedzy hybrydami i formami wyjsciowymi (Ta-
bela 8). U hybrydow wszystkich pokolenn podobnie jak u Zubra i bydla najwezes-
niej kostniejg szwy planum nuchale. U hybryddéw pokolenn wstecznych réwniez
wezesng obliteracje obserwuje sie w czesdei szwow lezacych na sklepieniu czaszki,
U hybryddéw wstecznych proces kostnienia szwéw na powierzehni dolu skronio-
wego, oczodolu i powierzchni twarzowej trzewioczaszki zachodzi wczedniej niz u
form wyjsciowyeh.

Dymorfizm plciowy jest wyraznie zaznaczony u hybrydéw F, i Bgbos podobnie
jak u zubréw i bydla. U hybryddow B,bos i B;bos wyraZnie tylko u samie, ktorych
czaszka jest podobnej wielkod$ei jak u krow domowych (Rye. 2). Najwieksze réz-
nice zwigzane z dymorfizmem plciowym dotycza u hybrydéw pomiaréw Ect-Ect
i Fs-Fs na sklepieniu czaszki oraz Ot-Ot na tarczy karkowej jak rowniez naj-
wickszej szerokodei czaszki na moidzeniach, podeobnie zreszig jak u Zubra i bydla.
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Uzyskane wyniki pordwnano z danymi analizy morfologicznej czaszek hybrydow
zubra z bydlem uzyskanymi z Askanii Nowej (Andreeva, 1935; Bogoljubskij, 1935).
Stwierdzono duzo podobiefistwa ale i pewne réznice, migdzy innymi brak wplywu
heterozii na wielkosé czaszki krowy F,. Zbyt maly material poréwnawczy sklania
do przypuszczenia, ze roznice te sa raczej wynikiem zmiennosci indywidualnej niz
wplywu réznych ras uzytych do krzyzowania z bydlem.

EXPLANATION OF PLATES

The following abbreviations were used:

F,—F, hybrids (50% European bison, 50% cattle),
B,bos — 25% European bison, 75% cattle,

B;bos — 12.5% European bison, 87.7% cattle,
E.bis — Eurcpean bison,

bwl — black and white lowland cattle,

rp — red Polish cattle,

M — male,

F — female.

Plate VII

Cranium, Norma verticalis

Photo 1. “Facel”, M, F; (E.bisXxbwl) 11.5 yrs.
Photo 2. “Filutka”, ¥, ¥, (rp X E.bis} T yrs.

Plate VIII

Cranium, Norma verticalis

Phata 3. Domestic bull bwl, 5 yrs.
Photo 4. “Fenny”, F, B,bos, 8 yrs.

Plate IX
Cranium, Norma verticalis

Photo 5. “Fen” 11, M, B,bos, 4 yrs.
Photo 6. “Filip”, M, ¥, (rpXE.bis), 8 yrs,

Plate X

Cranium, Planum nuchale

Photo 7. “Laka”, F, F| (E, bisXbwl) 2 yrs.
Photo 8. “Filip”, M, F,; (rpXE. bis) 8 yrs.
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Plate X1
TRERD U ER S ideoT R

- -~

Cranium, Planum nuchale
Photo 9. “Fela”, F, B;bos, 2.5 yrs.
Photo 10, “Festa”, ¥, B,bos, 5 yrs.
Plate XII
Cranium, Norma lateralis
Photo 11. Domestic bull, bwl, 5 yrs.
Photo 12, “Filip”, M, F; (rpXE, bis) 8 yrs.
Plate XIII
C‘faniﬁm, Norma lateralis
Photo 13. “"Facet”, M, F; (E. bisXbwl} 11,5 yrs,
Photo 14. “Fell”, M, B,bos, 7 yrs.
Plate X1V
Mandibule
Photo 15. “Filon”, M, F, (rpXE. bis) 13 yrs.
“¥acet”, M, F; (E. bisXbwl) 11.5 yrs.
Photo 16. “Fakir”, M, F; (E. bisXbwl) 5 yrs.
“Feta”, F, B;bos, 3.2 yrs,

Photo 17. Domestic bull, bwl, 5 yrs,
“Fenny”, F, B,bos, 8 yrs.



